The etching process of Si nanowires under DC electric field was studied in this work.
Introduction
In natural world, numbers of fascinating materials and structured surfaces are built with excellent surface wettability [1] . Biomimetic investigations have demonstrated that some natural superhydrophobic phenomena, such as the de-wetting behavior of lotus in plantae [2] and superhydrophobicity of a water strider's leg in insect. [3] These superhydrophobic behaviors are related to their unique micro-and nanostructured surfaces, especially, the lotus leaf is one of the most well-known and 2 studied object due to its superhydrophobicity and exhibits a high-water contact angle of around 161º. [4] According to some recent reports, the existence of homogeneous direct current (DC) electric field could influence the growth and micro-structure of crystals [8] [9] [10] .
For instance, Lu et al. [11] investigated the effect of the DC electric field on the phase transitions of ferroelectric thin film. Zhao et al. [12] studied the solidification of the metal under DC electric field and concluded that the presence of DC electric field alters the electro-migration of metal ions as well as the size of metal crystal particles.
These studies also confirmed that the existence of DC electric field could change the surface morphology of metal materials. Based on these researches, it is believed that the existence of the DC electric field could affects the formation of semiconductor materials at a certain extent. Unfortunately, the studies on the effects of the DC electric field on the structure and morphology variation have little been reported before.
In this paper, a very important semiconductor, i.e., silicon nanowires were studied with and without DC electric field under the etching process. Interestingly, the growth direction of silicon nanowires became slant when applied with electric intensity of 600 V/m, which greatly influenced the surface wettability ascribed to their surface morphology variation. The contact angle of slant Si nanowire was enhanced 3 compared with vertical Si nanowire which is synthesized without electric field (132.4º
vs. 86.8º). Moreover, the mechanism of changing etching direction in the DC electric field is also illustrated.
Experiment

Preparation of vertical Si nanowires
The vertical Si nanowires were prepared according to the previous report [13] :
the apparatus for synthesizing silicon nanowires is conventional Teflon-lined stainless steel autoclaves, which was filled with etching HF and H2O2 solution containing silver nitrate up to 80-85% of its total volume. Firstly, silicon wafer ( Finally, the obtained products were thoroughly cleaned with concentrated nitric acid solution for several hours to remove redundant Ag and then dried in vacuum for further characterization.
Preparation of slanting Si nanowires
The slanting Si nanowires were prepared using the similar method to the vertical ones except that the etching process was under the DC electric field. Fig. 1 shows the experiment device for slanting Si nanowires: A couple of conductive Cu foils were aligned fixed to the two sides of hydrothermal autoclaves so that the uniform electric field could pass through it, and the distance between the two Cu foils is about 5 cm.
The electric field was generated by DC stabilized voltage power supply and the electric intensity is 600 V/m. 
Characterizations
The SEM images of the silicon nanowires were obtained via a field-emission SEM apparatus (S-4800, Hitachi). The hydrophobic or hydrophilic performance of the silicon nanowires were measured by a JC2000D2A water contact angle tester (Zhongchen digital technic apparatus co., ltd, Shanghai, China). hydrophilic. Fig. 2b shows the Si nanowires produced under the DC electric field.
Results and discussion
Morphology analysis of Si nanowires
Interestingly, the grown Si nanowire arrays become slant with rough surface. Many pits were left on the surface of nanowires during the formation process (Fig. S2) .
Because of the change of the nanostructures, the CA of a water droplet is increased to 132.4 degrees (inset of Fig. 2b) , which is greatly enhanced compared with the vertical Si nanowires. These results mean that the conformation changes of Si nanowires etched under the DC electric field lead to a macroscopic change in CA. 
Mechanism of the formation of Si nanoswires
The formation mechanism can be interpreted with Si electrochemical reaction in HF solution [14] , there are three half-reactions as follow:
The etching of Si includes two main reactions as shown below:
2Ag + H2O2 + 2H
The net etching reaction of reactions (1) to (5) Fig. 3d schematizes that the process of DC electric field influence the geometry on silicon. The slant structure can be viewed as the movement track of the metal catalyst, so controlling motion of metal catalyst is the key to control of the etching direction [15] . It was found that the motion direction of Ag catalyst particle could be influenced under the DC electric field. In the DC electric field, a movement of Ag + could be occurred at horizontal direction, meantime, the formed Ag particles are subjected to a downward force at perpendicular direction, therefore the movement track of Ag is slant. With increasing the depth of etching, slant Si nanowire arrays were formed gradually. After removing Ag particles, plenty of pits were left on surface of Si nanowire which caused the rough surface of Si nanowires (Fig. S2 ). 
Conclusion
In summary, we have investigated the etching process of Si nanowires, and proposed a new method that introduced DC electric field to change the growth directions of Si nanowires. The results showed that the growth of Si nanowires under the electric field could become slant compare with no electric field applied.
Meanwhile, the contact angle of slant Si nanowires was also increased compared with vertical Si nanowires (132.4º vs. 86.8º), which was ascribed to the rough surface formed in the electric field. Importantly, it is possible that some other metal ions chemical etching could be also influenced by applied DC electric field or alternating current electric field, detailed studies need to be done in the near future for more exploring.
